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© An antithrombin solution for preventing fibrin for- 
mations, including antithrombin at a concentration of 
more than 0.5 U/ml and not more than 250 U/ml, a 
physiological buffer and optionally sodium 
hyaluronate. A related surgical method includes ap- 
plying the solution directly during surgery to ex- 
posed tissue. The solution can also be injected into 
the synovial cavity of patients with active arthritis as 
therapeutic orthopaedics. 
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ANTITHROMBIN SOLUTION AND USE THEREOF 



Background of the Invention 

Most of the joints in the body represent syn- 
ovial joints which have four distinguishing features: 
(1)the articulating surfaces of the bones are cov- 
ered with hyaline cartilage called articulating car- 
tilage; (2)the joint is enclosed by an articular cap- 
sule or joint capsule; (3)the inner layer of the joint 
capsule is lined with a thin vascular synovial mem- 
brane; and (4)the synovial membrane encloses a 
cavity into which a synovial fluid is secreted. 

The causes of arthritis include trauma to a 
joint, bacterial infection and metabolic disorders. 

Rheumatoid arthritis, the most important clini- 
cally, begins with inflammation of the synovial 
membrane; the inflammed synovial membrane pro- 
duces an abnormal tissue known as pannus which 
grows over the articular cartilage. The articular car- 
tilage is distorted and is occasionally destroyed. 
Current medications for arthritis include sodium 
aurothiomalate, penicillamine, antipyretic antiph- 
logistics such as aspirin and indomethacin, and 
corticosteroids. The severe pain caused by active 
arthritis can be temporarily relieved through the 
administration of hydrocortisone which shows a 
strong anti-inflammatory effect and also makes 
hyaluronic acid (hereinafter referred to as HA) in 
normal highly polymerized states. Corticosteroids 
are prescribed even though it is common knowl- 
edge for doctors to be cautious of the side effects 
like osteoporosis from a long-term prescription of 
corticosteroids. 

The volume of abnormal HA in the synovial 
fluid increases in cases of infectious and rheuma- 
toid arthritis. This abnormal HA is not properly 
polymerized and therefore can not maintain or im- 
prove joint function. If a properly polymerized HA 
could be introduced into the joint capsule, the 
treatment would be much more effective. From that 
point of view, a local injection of HA has recently 
been made available as an injection into the syn- 
ovial cavity of osteoarthritis. 

In the wound healing process following surgical 
operations beginning with the dissection of the 
skin, ineffective adhesion due to scars on each 
surgically traumatized organ may result and cause 
pain, mechanical ileus, functional disturbance, mo- 
tor disturbance or orthopaedic impairment at the 
surgical region. These complications occur with the 
following steps: (1)surgical trauma to the organs; 
(2) inflammatory exudates, especially fibrin, are se- 
creted on those tissues; (3)fibrino-fibrous inflamma- 
tion on the tissues: (4) the fibrous strands on the 
organs contract; and (5) the complications occur. 
Balazs et al.(a) infra, in 1973 that HA inhibits 



cell migration and multiplication of certain cells in 
vitro. And it is speculated that HA influences the 
invasion and activity of cells participating in the 
acute and chronic inflammatory process and it is 
5 thought to prevent fibrous tissue formation. How- 
ever, it does not effectively suppress the formation 
of fibrin which is converted from excessive 
fibrinogen under a hypercoagulated condition. 

At the same time, there are some reports that 
70 HA has a procoagulant activity. If this is true, the 
fibrin clot formation is to be promoted in areas 
having fibrinous inflammation like arthritis which 
may result in more severe ankylosis. Biological 
activities of implanted HA in the body are not well 
75 defined presently. It has not been proven that HA 
has an anti-inflammatory effect in biological inflam- 
matory processes. It may cease the inflammation 
of osteoarthritis by improving the cushion effect 
and mechanical separation of tissues in the joint, 
20 not by relating to theoretical inflammation pro- 
cesses directly. 

Even if HA indirectly effects the inflammation 
process, it does not effectively inhibit fibrous tissue 
formation, pannus nor ankylosis. 
25 Implanted HA in the joint would temporarily be 

a physical barrier, not a biological inhibitor, for the 
invasion of exudates such as fibrin and inflam- 
matory cells. Even though, it is considered that the 
implanted HA would mix with various inflammatory 
30 exudates under the mobility of the joint, and would 
be unable to inhibit the cell migration and fibrin clot 
formation in the synovial cavity. 

LeBoeuf et ai. (b) infra , in 1986 that human 
fibrinogen specifically binds hyaluronic acid in vitro, 
35 and suggested a close interaction between fibrin 
and HA. Moreover, excessive fibrinogen is more 
quickly converted to fibrin under the conditions of a 
depressed activity of plasminogen activator or 
lowered antithrombin concentrations which occur 
40 within the inflammed area. 

Summary of the invention 

The formation of the fibrous tissue within the 
45 articular capsule is a result of an ineffective an- 
ticoagulation process within an inflammed synovial 
joint. The subsequent lysis of the fibrinous tissue is 
also hindered following the formation of the fibrous 
tissue, whereat the synovial fluid becomes less 
so viscous and elastic. Scars which may cause pain 
and ankylosis are formed whereat the fibrin is 
replaced by collagenous tissue following the inva- 
sion of mesenchymal cells such as fibroblasts. 

In order to prevent the formation of scars, this 
invention introduces antithrombin (hereinafter re- 
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ferred to as AT) into the synovial fluid or other 
intracorporeal regions to inactivate thrombin neces- 
sary for fibrin formation. 

AT is preferably mixed with a viscous material 
such as a sodium hyaluronate solution so that its 
effectiveness is prolonged as long as possible, 
wherein it can suppress the local coagulation sys- 
tem at the synovial cavity or other intracorporeal 
surgical regions. 

Therefore, an administration method of AT has 
been invented for local use into the synovial cavity 
of patients with active arthritis. 

This invention has an object of using as an 
injection an AT solution into the synovial cavity of 
the joint as therapeutic orthopaedics. 

Furthermore, this AT solution can be admin- 
istered locally to the internal region where any 
surgical operation beginning with the dissection of 
the skin is performed. 

Detailed Description of the Preferred Embodiments 



For the purpose of improved treatment, this 
invention provides AT in a viscoelastic solution for 
therapeutic use. And this solution utilizes the char- 
acteristics of the elasto-viscous and protein binding 
effects of sodium hyaluronate solution, and a bio- 
logical anti-coagulation effect of AT glycoprotein. 

The biophysical element, AT, which inhibits 
thrombin action, theoretically exists in several 
types, such as, i, II, III, etc. However, only AT-lli 
having a molecular weigh between 58,000 and 
65,000 has been proven to actually exist. Human 
AT is a glycoprotein of a molecular weight 58,000 
made up of 425 amino acids in a single polypep- 
tide chain crosslinked by three disulfide bridges. 
That is, it is synthesized in the liver, exists in the 
blood, and controls the coagulation system. It 
forms a complex with heparin and shows a strong 
anti-thrombin effect. AT-lll gradually inhibits the 
action of thrombin when heparin is absent, and 
instantaneously neutralizes thrombin when heparin 
is present. In other words, heparin alone does not 
cause anti-coagulation, but it accelarates the action 
of AT-III. 

Pharmacokinetic studies have shown AT to 
have a mean biological half-life of about 3.0 days in 
blood. The half-life is shortened in presence of 
heparin. 

The quantity of AT in 1ml norma! pooled hu- 
man plasma is conventionally taken as one unit 
(U). AT's potency assignment was determined from 
a standard calibrated against a World Health Or- 
ganization (WHO) AT reference preparation. The 
concentration of AT in normal human plasma has 
been estimated at between 0.1 and 0.2 g/l, and 
thrombin inactivating activity levels are usually ex- 
pressed either as a percentage of a reference 



plasma or as the IU number per ml of plasma, one 
IU per ml being equivalent to 100%. 

In order to provide treatment for disseminated 
intravascular coagulation (D.I.C.) in the past, 

5 heparin was mainly administered therewith. How- 
ever, it has already been shown that heparin does 
not work effectively when blood levels of AT have 
dropped. Accordingly, it has been recommended to 
administer dried concentrated human AT-ll!, so that 

70 the lack of AT can be corrected. 

This invention is directed to the local admin- 
istration of AT into the mammalian intracorporeal 
regions in order to improve the local hyper- 
coagulability. 

75 Several investigators recently studied the effec- 

tiveness of recombinant tissue plasminogen activa- 
tor (t-PA) and reported that doctors should be 
cautious of postoperative hemorrhages resulting 
from the lysis of hemostatic thrombi, when using 

20 this strong fibrinolytic agent. On the other hand, AT 
inhibits fibrin formation and we should be cautious 
of inhibiting the wound healing process. 

A solution having more than about 250 U/ml of 
AT should be avoided due to a higher tendency for 

25 spontaneous hemorrhaging. 

The administration of an AT solution to patients 
having a hemorrhagic tendency or an inhibition to 
wound healing due to a deficiency of a blood 
coagulation factor, should be avoided. 

30 HA, a large polysaccaride molecule, is present 

in nearly all connective tissue matrices of verte- 
brate organisms, in the human body, it is an impor- 
tant structural element in the skin, subcutaneous 
and interstitial connective tissues, synovia! tissue 

35 and fluid, umbilical cord and the vitreous; its brief 
roles are speculated to be: (1) a vehicle for bio- 
physical and biologically active elements; (2)- 
adhesion to tissues and cells; {3)protection, separa- 
tion and lubrication of tissues and/or cells; and (4)- 

40 maintaining an equilibrium of water and sodium 
chloride within the connective tissues. 

The molecular weight of a purified fraction of 
HA after isolation is known to be within the range of 
50,000 to 13,000,000. It has been confirmed that 

45 the solution of deproteinized and purified sodium 
hyaluronate is safe for use in ocular surgery and 
osteoarthritis. The concentrations of sodium 
hyaluronate for ocular surgery and osteoarthritis 
are generally from 0.1 to 3% in weight. Its moiecu- 

50 lar weight generally ranges from about 500,000 to 
5,000,000. 

In view of the fact that the sodium hyaluronate 
solution needs at least three days to dissipate from 
the joint, this invention utilizes a mixture of AT with 
55 a viscous solution, whereas the AT works over an 
extended period to control the fibrin accumulation 
in the synovial cavity. 

A physiological buffer solution mentioned in 
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this specification includes distilled water with so- 
dium chloride, buffers and/or stabilizers. Buffers are 
preferably selected from sodium phosphate and 
dissodium phosphate, and stabilizers for AT are 
also preferably selected from sodium citrate, amino 
acetic acid, sodium giutamate, acetyltryptophan 
and sodium caprylate. These buffers and stabilizers 
are presently used for the sodium hyaluronate and 
AT solutions. The above mentioned buffers and/or 
stabilizers are favorable though this invention is not 
limited to any specific type of buffer or stabilizer, 
but rather to any usable solution which qualifies as 
a buffer/stabiiizer. 

The sterile final AT solution is used by either 
injection into the synovial cavity or by coating the 
tissue of the exposed internal surgical region in- 
traoperatively. 

The materials such as collagen type-IV, chon- 
droitin sulfate (a molecular weight between 5,000 to 
100,000), polyacrylamide (a molecular weight cf 
about 1,000.000) and hydroxypropylmethylceliulose 
(a molecular weight of about 1,000,000) may be 
applicable as a substitute of the sodium 
hyaluronate or it may be combined with the sodium 
hyaluronate, even though, in this specification, HA 
is described as the preferred viscous substance 
due to its favorable elastoviscous and biophysical 
characteristics. 

Artificially synthesized HA and AT would be 
applicable to the invented method of administration 
of an AT solution as a substitute of the previously 
mentioned variety of HA and AT-Hl compounds. 

Without further elaboration, it is believed that 
one skilled in the art, using the preceding descrip- 
tion, can utilize the present invention to. its fullest 
extent The following possible preferred administra- 
tion examples for human are, therefore, to be con- 
strued as merely illustrative, and not limitative in 
any way whatsoever, for the remainder of the dis- 
closure. 

(Possible Method of Administration, Example I) 

Two tenths of a milliliter of the following AT 
solution are injected into the synovial cavity without 
removal of the synovial fluid from the joint. 

Human AT-III having a molecular weight of 
about 59,000 is dissolved in a 1ml physiological 
buffer solution to obtain a concentration of 50 U/ml. 

(Possible Method of Administration, Example II) 

Two milliliters of the following AT solution are 
injected into the synovial cavity upon removal of 
2ml of the synovial fluid from the joint 

Ten units per milliliter of human AT-III having a 
molecular weight of about 58,000, and 100mg of 
sodium hyaluronate having an average molecular 



weight of about 800,000, are dissolved in a 10m! 
physiological buffer solution. 

(Possible Method of Administration, Example III) 

5 

Two milliliters of the following AT solution are 
injected into the synovial cavity without removing 
the synovial fluid from the joint 

Ten units per milliliter of human AT-III having a 
70 molecular weight of about 58,000, and 100mg of 
sodium hyaluronate having an average molecular 
weight of about 800,000, are dissolved in a 10ml 
physiological buffer solution. 

75 (Possible Method of Administration, Example IV) 

The tissue of exposed and surgically trauma- 
tized abdominal organs is coated with the following 
AT solution during abdominal surgery, and the sur- 
20 gery is closed without removing the AT solution. 

Ten units per milliliter of human AT-III having a 
molecular weight of about 58,000 and 1 g of sodium 
hyaluronate having an average molecular weight of 
about 4,000,000 are dissolved In a- 100ml phys- 
25 iological buffer solution. 

(Possible Method of Administration Example V) 

The tissue of exposed and surgically trauma- 

30 tized abdominal organs is coated with the following 
AT solution during abdominal surgery, and the sur- 
gery was closed without removing the AT solution. 

Human AT-III having a molecular weight of 
about 58,000 is dissolved in a 100ml physiological 

35 buffer solution to obtain a concentration of 50 U/ml. 
Simultaneously, 3g of sodium hyaluronate having 
an average molecular weight of about 500,000 and 
4g of sodium chondroitin sulfate having an average 
molecular weight of about 25,000 are dissolved in 

40 the solution. 

The preceding examples of possible method of 
administration can be repeated with similar success 
by substituting the generically or specifically de- 
scribed reactants and or operating conditions of 

45 this invention for those used in the preceding ex- 
amples of possible method of administration. 

By introducing this new method of adminstra- 
tion of the AT solution into the synovial cavity of 
patients with active arthritis, fibrin formation in the 

so synovial cavity can be prevented. In this regard, 
the invention decreases the complications seen 
with the excessive use of anti-arthritis drugs such 
as sodium aurothiomalate, penicillamine, antipyrine, 
aspirin, indomethacin and corticosteroids. 

55 AT with a concentration from 0.5 to 250 U/ml 

and sodium hyaluronate having an average molec- 
ular weight between 350,000 and 8,000,000 wi:h a 
concentration from 0.1 to 3% are recommended for 
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effective treatment of the joint. 

The average concentration of normal HA in the 
human synovial cavity is reported to be about 0.15 
to 0.4% by Hadler et al.(c) infra , in 1979. A con- 
centration as low as 0.1% HA solution is possible 
when the HA has a relatively high molecular 
weight, i.e. greater than 3,000,000, and a con- 
centration as high as 1 to 3% is also possible when 
the HA has a relatively low molecular weight, i.e. 
tower than 1 ,000,000. 

By introducing this invention not only to the 
joint but also to the intracorporeal surgeries(such 
as intraperitoneal, cesarean section, heart, lung, 
visceral, intracranial, ear, nose, throat and flexor 
tendon surgeries) postoperative pain, mechanical 
ileus, functional disturbance, motor disturbance or 
orthopaedic impairments due to scars caused by 
the fibrin clot formations in the surgical region can 
be prevented. 

This invention is also useful for coating the 
exposed internal surgical region with the AT solu- 
tion during the operation, and subsequently closing 
the surgery without removing the AT solution from 
the surgical region. 

When using sodium hyaluronate of relatively 
low (as low as 50,000 to 1 ,000,000) or high (as high 
as 4,000,000 to 13,000,000) average molecular 
weight, the increased or decreased concentration 
of sodium hyaluronate would be possible in order 
to maintain an effective viscosity of the AT solution. 

The foregoing is considered illustrative only of 
the principles of the invention. Further, since nu- 
merous modifications and changes will readily oc- 
cur to those skilled in the art, it is not desired to 
limit the invention to the exact construction and 
operation shown and described. Accordingly, all 
suitable modifications and equivalents may be re- 
sorted to that fall within the scope of the invention 
and the appended claims. 
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1. An antithrombin solution for injection into the 
70 synovial cavity of a patient with active arthritis, 

comprising antithrombin of at least 0.5 U/ml 
and not more than 250 U/ml dissolved in a 
physiological buffer solution. 

75 2. An antithrombin solution as claimed in claim 1. 

further comprising sodium hyaluronate having 
an average molecular weight of more than 
350,000 and less than 8,000,000 with a weight 
concentration of 0.1 to 3%. 

20 

3. An antithrombin solution as claimed in claim 1, 
further comprising a substance selected from 
sodium hyaluronate and sodium chondroitin 
sulfate. 

25 

4. The use of an antithrombin solution as claimed 
in any preceding claim for the manufacture of 
a medicament for injection into the synovial 
cavity of a patient with active arthritis. 

30 

5. An antithrombin solution for coating exposed 
tissue of internal surgical regions during an 
operation beginning with the dissection of the 
skin to avoid postoperative adhesion of the 

35 surgically traumatized organs, comprising an- 

tithrombin of at least 0.5 U/mi and less than 
250 U/ml dissolved in a physiological buffer 
solution. 

40 6. An antithrombin solution as claimed in claim 5, 
further comprising sodium hyaluronate having 
an average molecular weight of more than 
50,000 and less than 13,000,000 with a weight 
concentration of 0.1 to 3%. 

45 

7. An antithrombin solution as claimed in claim 5, 
further comprising a viscous substance select- 
ed from sodium hyaluronate, sodium chon- 
droitin sulfate, polyacrylamide, hydroxypropyl- 

50 methyicellulose and collagen type IV. 

8. The use of a antithrombin solution as claimed 
in any one of claims 5 to 7 for the manufacture 
of a medicament for coating exposed tissue of 

55 internal surgical regions during an operation 

beginning with dissection of the skin to avoid 
postoperative adhesion of the surgically trau- 
matized organs. 
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9. A method of producing an antithrombin solu- 
tion as claimed in any of claims 1 to 3 and 5 to 
7, comprising the step of dissolving antithrom- 
bin in a physiological buffer solution to pro- 
duce a solution containing at least 0.5 U/ml 5 
and not more than 250 U/ml of antithrombin. 

Claims for the following Contracting State: ES 

1. A method of producing an antithrombin solu- to 
tion for injection into the synovial cavity of 
patients with active arthritis, said method com- 
prising the step of dissolving antithrombin in 

an amount of at least 0.5 U/ml and not more 
than 250 U/ml in a physiological buffer solu- 75 
tion. 

2. A method as claimed in claim 1, further com- 
prising the step of including 0.1 to 3% by 
weight of sodium hyaluronate having an aver- 20 
age molecular weight of more than 350,000 

and less than 8,000,000 in the buffer solution. 



3. A method as claimed in claim 1, further com- 
prising the step of including a substance se- 
lected from sodium hyaluronate and sodium 
chondroitin sulfate in the buffer solution. 

4. A method of producing an antithrombin solu- 
tion for coating exposed tissue of internal sur- 
gical regions during an operation beginning 
with the dissection of the skin to avoid the 
postoperative adhesion of the surgically trau- 
matized organs, said method comprising the 
step of dissolving antithrombin in an amount of 
at least 0.5 U/ml and less than 250 U/ml in a 
physiological buffer solution. 

5. A method as claimed in claim 4, further com- 
prising the step of including 0.1 to 3% by 
weight of sodium hyaluronate having an aver- 
age molecular weight of more than 50,000 and 
less than 13,000,000 in the buffer solution. 

6. A method as claimed in claim 4, further com- 
prising the step including a viscous substance 
selected from sodium hyaluronate, sodium 
chondroitin sulfate, poly aery lamide, hydrox- 
ypropylmethylcelluiose and collagen type IV in 
the buffer solution. 
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